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Sporophyte Induction in Response to Photoperiod in Physcomitrella patens
Basil M. Kahwash ’10 and Karen A. Hicks, Kenyon College Department of Biology, Gambier, OH
Abstract
Day length, called “photoperiod” in biological contexts, varies 
throughout the year in accordance with Earth’s tilt with respect to the 
sun. The ability of many plants to grow and reproduce correlates with 
their capacity to respond to photoperiod. It is known that the 
CONSTANS (CO) gene in flowering plants plays a central role in the 
induction of reproduction as a response to photoperiod. Moss, a more 
primitive grouping of plants whose evolution diverged from flowering 
plants over 400 million years ago, contain several homologs of CO
whose individual functions have not been characterized. To determine 
what role the CONSTANS-like (COL) genes played in the moss 
Physcomitrella patens, we sought to analyze the responses of 
Physcomitrella specimens carrying various combinations of mutations 
in the three PpCOL genes (named PpCOL1, 2, and 3). In order to do 
so we first had to produce several lines of PpCOL mutants using a 
process called homologous recombination.
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Laboratory Techniques
• Isolating a vector for gene transformation
• Start with plasmids containing antibiotic genes
• Cut plasmids using restriction enzymes 
• Transforming protoplasts
• Make protoplasts from homogenized colonies and transform them using 
previously cut DNA vectors
• Selecting for transformants
• 120-130 potential mutant colonies grown on PpNH4 medium + antibiotic
• Screening candidates for mutation using PCR
• Extract DNA from colonies and test with PpCOL1 and PpCOL3 primers
• Homogenize candidate colonies and test sporophyte induction
Future Work
We would like to create and evaluate PpCOL1 and PpCOL3 double 
mutants for their ability to produce spores in long days and short days. In 
addition, the newly created transformants of the PpCOL genes are currently 
being grown on selective media in order to determine candidates for the 
desired mutant combinations. These candidates will undergo a similar 
process as the ones evaluated during this research session, in the hopes of 
understanding the roles of each PpCOL gene. We have also prepared new 
plasmid DNA that can be used in future protoplast transformations, if 
necessary. 
• Non-vascular plants, like 
moss, diverged from 
flowering plants over 400 
million years ago.
• The lineages of Arabidopsis 
(a dicot) and rice (a monocot) 
diverged over 200 mya, 
however the essential 
process of floral induction is 
conserved.
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• The CONSTANS (CO) gene 
mediates between the circadian 
clock and FT, which activates 
flowering in Arabidopsis and 
rice.
• 3 CO-like genes in 
Physcomitrella (PpCOL1,-2, and 
-3) may perform the same role 
for moss. It is unknown whether 
these genes operate separately 
or in tandem with one another.
• Hypothesis: If PpCOL
mutants produce spores 
regardless of photoperiod, then 
we will know that PpCOL genes 
are require for sporophye 
induction and the photoperiodic 
response of plants evolved 
much longer ago than 
previously known.
PpCOL genes and Photoperiod
Moss Reproduction Summary of Results
• Eight isolates are candidates for PpCOL2, -3 double mutants. These will 
need to be further screened for border sequences of the G418-resistance 
gene, which they should have acquired via homologous recombination. 
However we know they are resistant based on results from PCR/ gel 
electrophoresis.
• Several other transformants have been made, some potential PpCOL1 and 
-2 double mutant and, some PpCOL1, -2, and -3 triple mutants, as well as 
single mutants of each of the PpCOL genes.
• A number of colonies are ready to assess for sporophyte induction, after 
which we will be able to collect data about the functions of PpCOL2 and 
PpCOL3.
Reprinted from Hayama and Coupland (2004)
• The molecular basis of 
reproduction has not been closely 
examined in moss.
• Though moss don’t flower, they renew their life 
cycle by producing spores, which eventually 
become protonema. 
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• Physcomitrella produce gametes under short 
day conditions (<8 hours of light per day).
• Later on in the life cycle, these gametes are 
fertilized to become zygotes, which later grow 
into sporophytes, then spores before the life 
cycle repeats
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DNA screen of four different colonies (in quadruplicates) of 
Physcomitrella for PpCOL1 and PpCOL3. Samples were run on 
an agarose gel and stained using ethidium bromide. 
